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Abstract-- The magnetic properties of alumite 
film in which CO-Fe alloy electrodeposited are 
investigated with regard to the alloy compo- 
sition and the geometric structure of the 
magnetic films. The Co-Fe particles electro- 
deposited in the alumite film are single phase 
alloy particles. The CO-Fe alloy electrode- 
posited films with small pore diameter (150 A )  
have a large maximum magnetic energy product 
(BHmax) of about 1.44 MGOe due to the high 
coercive force, high saturation magnetization 
and good squareness of the M-H curve. Therefore 
the CO-Fe alloy electrodeposited film has good 
possibility for perpendicular magnetic 
recording media of magnetic rotary encoders. 
INTRODUCTION 
Generally, the recording media for magnetic rotary 
encoders must have large maximum magnetic energy 
product ( BHmax ) in order to compensate f o r  the 
decrease of the magnetic output due to the large gap 
between the magnetic drum and the MR sensor. 
Therefore, the recording media of a rotary encoder 
must have high saturation magnetization, high 
coerc-ive force and square M-H characteristic. 
Kamigaki et al.[ll reported that Fe electrodeposited 
alumite films having BHmax of 0 . 3 5  AGOe were applied to 
rotary encoders using perpendicular magnetic recording 
system. In this sense, CO-Fe alloy which has the high 
saturation magnetization is a very attractive material 
for the electrodeposition to obtain the alumite 
magnetic films having larger BHmax. 
In this paper, we focus on the coercive force, the 
magnetic anisotropy energy and the maximum magnetic 
energy product ( BHmax ) in CO-Fe electrodeposited 
alumite magnetic films. 
EXPERIMENTAL PROCEDURES 
Aluminum plates are anodized in a solution of 
eitherH2S04 o r H O C O C O O H a c c o r d i n g t o t h e d e s i r e d  
size of pore diameter. The pore diameter can 
bewidenedwithout changing ihe distance between 
the pores by dissolving the pore wall surface 
in H3P04 solution. 
A barrier layer i s  formed between the bottom of the 
pores and the aluminum substrate during anodic 
oxidization. The thickness of the barrier layer is 
proportional to the applied anodizing voltage. This 
barrier layer is thinned before the electrodeposition 
of the CO-Fe alloy. Then the anodic oxidized alumite 
films are electrodeposited with the CO-Fe alloy into 
the pores in a mixed solution of H BO4, CoS04'7H20 and 
FeSo4(NH4)2S04'6H20. The pore dfameter ( Dp ) of 
alumite film is the same as the deposited particle 
diameter of the magnetic alumite film because the pores 
of anodic oxidized film are filled with electro- 
depositing material. In magnetic alumite films, the 
packing density ( P ) is defined as the ratio of the 
volume of magnetic material to the volume of the 
alumite film. 
In this experiment, a packing density of 0 . 2  was 
selected, because the electrodeposition becomes 
difficult at the range of packing density over 0 . 2 .  
For samples with pore diameters larger than 450 1, 
the bottom of each pore becomes branch-shaped after the 
barrier layer thinning process. Accordingly the 
particles deposited in the pores have the bottom 
extremity as shown in Fig. 1 .  In order to fill up the 
branch-shaped bottoms of the pores, we electrodeposited 
Cu first, and then electrodeposited CO-Fe. In this way, 
1000 A 1=3pm 
Fig. 1 The electrodeposited particle of branch-shaped observed by 
using a TEM in the sample with bottom extremity. 
columnar CO-Fe particles without branched extremities 
were obtained. The crystalline orientation of electro- 
deposited particles was examined using X-ray 
diffraction with a CO target. The composition of CO-Fe 
alloys was analyzed by using Electron Probe Micro 
Analysis ( EPMA ) .  The saturation magnetization and the 
magnetic anisotropy were measured by a VSM and a torque 
meter, respectively. 
RESULTS AND DISCUSSION 
Fig. 2 shows the dependence of CO composition 
in the 
100 













Fig. 2 The dependence of CO contents in the deposited particles 
on the composition of the electrolyte. 
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electrodeposited particles on the composition of the 
electrolyte. The content of CO in the electrodeposited 
particles was less than that in the electrolyte and CO 
content in the'particles decreases as the pore diameter 
decreases. 
Fig. 3 shows the X-ray diffraction pattern of a Co- 
Fe electrodeposited film. It shows a very strong 
diffraction line from the (110) plane of a CO-Fe alloy. 
Therefore, it is clear that the electrodeposited 
material is a single phase CO-Fe alloy[21. 
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Fig. 3 An X-ray diffraction pattern of the CO-Fe electrodeposited 
film. 
Fig. 4 shows the dependence of the coercive force Hc 
on the composition of the electrodeposited particles 
with small pore diameter ( 150 A ) .  It was found that 
the perpendicular coercive force of the CO-Fe 
electrodeposited alumite films with composition from 0 
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Fig. 4 The dependence of the composition on the coercive force Hc 
of the magnetic alumite films with small pore diameter of 150 A. 
to 91 at% CO was higher than the 2450 Oe of the Fe 
electrodeposited alumite film. In these films the 
highest value of coercive force was 2800 Oe at 27 at% 
CO composition. 
Fig. 5 shows the dependence of the magnetic 
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Fig. 5 The dependence of the composition on the magnetic anisotropy 
energy Ku of the electrodeposited particles. 
anisotropy energy Ku of film on the composition of the 
CO-Fe electrodeposited particles. The highe t value of 
the composition of about 30 at% Co. This value is 
larger than that of Fe electrodeposited alumite films 
due to the larger saturation magnetization. In Fig. 5. 
the measured value of magnetic anisotropy energy Ku was 
larger than the calculated value which is given by the 
sum of shape anisotropy energy and magnetostatic energy 
in CO-Fe deposited particles. 
The difference between the calculated value and the 
measured value probably is caused by the difference in 
shape and pore array between the used ideal columnar 
figure electrodeposited particles. 
The results of Fig. 4 and Fig. 5 show that the 
coercive force and the magnetic anisotropy can be 
controlled by selecting the composition of CO-Fe alloy. 
magnetic 
characteristics and the composition of the CO-Fe 
electrodeposited alumite films. From this table, the 
alumite films electrodeposited 34 at% CO-Fe alloy have 
a maximum magnetic energy product ( BHmax ) of 1.44 
MGOe. This value is 18% larger than the 1.22 MGOe of Fe 
electrodeposited alumite films. This is due to the 
following advantages of CO-Fe electrodeposited alloys 
the magnetic anisotropy energy was 10 x 10 6 erg/cc at 
Table 1 represents the relation between the 
TABLE I 
ALUMITE FILMS 
THE MAGNETIC CHARACTERISTICS OF CO-Fe ALLOY 
Composition BHc tic Ku Mr/Ms Bllmax Ms Remarks 
( at% CO 1 ( Oe ('0e ) (x105erg/cc) (MGOe) (emu/cc) 
0 1750 2450 8.4 0.91 1.22 343 
25 1900 2700 10.4 0.94 1.37 379 Dp.150 A 
34 1900 2770 10.2 0.90 1.44 385 P.O.2 
40 1750 2670 9.5 0.86 1.29 386 1=1.5 pm 
0 Dp-150 A 
0.97 0.35 154 P=O.O9 _ _  1040 2000 
1=50 pm 
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over Fe ones: high saturation magnetization, high 
coercive force. 
As explained in the experimental procedure, the CO-Fe 
particles have bottom extremity when the pore diameter 
i s  larger than 450 A .  We investigated the dependence of 
the magnetic anisotropy energy on the composition of 
the alumite magnetic films with and without the bottom 
extremity. Fig. 6 shows the composition dependence of 
the magnetic anisotropy energy Ku for the samples with 
bottom extremity. In this experiment the pore diameter 
of the film was about 450 A .  The magnetic anisotropy 
energy was about zero at the compositions of 45 an 75 
at% Co. Moreover, at the compositions from 50 to 70 at% 
CO, the anisotropy became negative. This means that an 
easy axis of magnetization of the film i s  in plane in 
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Fig. 6 The composition dependence of the magnetic anisotropy energy 
Ku for the samples with bottom extremity. 
From the X-ray diffraction pattern of these samples, 
it was found that the bottom extremity of the particles 
contains FeCI31. Probably the carbon ions contained in 
HOCOCOOH solution for anodic oxidization were remained 
in the bottom extremity, then these ions make FeC 
during the electrodeposition of CO-Fe. In Fig. 6 the 
large perpendicular anisotropy of the needle shape 
particles at the compositions 45 to 75 at% CO seems to 
be nullified by FeC electrodeposited in the bottom 
extremity. 
Fig. 7 shows the alloy composition dependence of the 
magnetic anisotropy energy Ku for these samples. In 
this experiment, the effect of the bottom extremity was 
removed by electrodepositing Cu at the bottom extremity 
of the pores. The magnetic anisotropy energy had 
positive large values regardless of the composition of 
CO-Fe alloy. Moreover, the diffraction lines of FeC 
were hardly observed. It i s  clear that the magnetic 
properties of the film are influenced by the branch- 
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Fig. 7 The alloy composition dependence of the magnetic anisotropy 
energy Ku for the samples removed the effect of the bottom extremity 
by electrodepositing Cu. 
CONCLUSIONS 
In CO-Fe electrodeposited alumite films, the 
saturation magnetization, the coercive force and the 
magnetic anisotropy energy of the films can be 
controlled by selecting the CO-Fe alloy composition 
electrodeposited in the films. The magnetic properties 
of the CO-Fe electrodeposited alunite film of the 
composition of 34 at% CO were follows: Hc= 2700 Oe, 
Mr/Ms= 0.90, BHmax= 1.44 MGOe. It i s  clear that CO-Fe 
alumite films with small pore diameter i s  a promising 
perpendicular magnetic recording media for magnetic 
rotary encoders. 
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